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OUTCOMES IN CASES OF SUSPECTED ACUTE
APPENDICITIS

Shi Wu Wen, MB, PhD; C. David Naylor, MD, DPhil

Abstract ® Résumé

Objective: To test the hypothesis that, with modern diagnostic methods and antibiotics, more con-
servative use of surgery in cases of suspected appendicitis would not result in increased rates of
short-term complications in confirmed cases.

Design: Population-based observational study using administrative data.

Setting: All Ontario hospitals in which primary appendectomy was performed from Apr. 1, 1981,
to Mar. 31, 1992.

Patients: All 126 815 patients admitted to hospital for a primary appendectomy during the study
period.

Outcome measures: Diagnostic accuracy rate (acute appendicitis as the primary diagnosis), perfo-
ration rate, in-hospital death rate and length of stay.

Results: The diagnostic accuracy rate among the male patients was stable throughout the decade;
among the female patients it rose significantly, from 71.7% in 1981 to 75.3% in 1991 (p < 0.01).
The perforation rates increased significantly among both the female and male patients (p <
0.01), whereas the mean length of stay decreased (p < 0.05). Despite sex-related differences in
the accuracy rates, the male and female patients had similar in-hospital death rates and mean
lengths of stay. The institutional diagnostic accuracy rates, as determined from data for 1989-90
to 1991-92, ranged from 50.0% to 96.7%. Multivariate analyses of 27 189 confirmed cases of
appendicitis at 175 hospitals revealed that perforation was a strong predictor of in-hospital
death (odds ratio [OR] 2.46, 95% confidence interval [CI] 1.24 to 4.88), but comorbidity was
the strongest predictor (OR 11.50, 95% CI 5.96 to 22.10). For each 10% increase in the diag-
nostic accuracy rate, the perforation rate increased 14% (OR 1.14, 95% CI 1.10 to 1.19), but
the accuracy rate was not significantly related to the in-hospital death rate or the length of stay.

Conclusion: A higher diagnostic accuracy rate is associated with more perforated appendixes. Al-
though perforation itself leads to adverse outcomes, a higher accuracy rate does not. This sug-
gests that hospitals with higher accuracy rates incur more perforations, but, with close observa-
tion, timely laparotomy and the use of modern antibiotics, these patients have favourable
outcomes. This contrasts with adverse effects of perforation among patients at high risk for per-
foration (especially very young children and elderly people) in centres at all accuracy levels. The
variation in hospitals' diagnostic accuracy rates suggests that some proportion of appendec-
tomies could be safely avoided.

Objectif : Vérifier I'hypothese selon laquelle, avec des méthodes modernes de diagnostic et des an-
tibiotiques, le recours plus conservateur aux interventions chirurgicales dans des cas d'appen-
dicite soupgonnée n'entrainerait pas une hausse des taux de complications a court terme dans des
cas confirmés.
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Conception : Etude stratifiée par observation fondée sur des données administratives.
Contexte : Tous les hépitaux de 'Ontario ot l'on a procédé a des appendicectomies primaires entre le

1¢ avril 1981 et le 31 mars 1992.

Patients : Les 126 815 patients hospitalisés pour une appendicectomie primaire au cours de la période

d'étude.

Mesures des résultats : Taux d'exactitude du diagnostic (appendicite aigué comme diagnostic primaire),

taux de perforation, taux de mortalité a 'hopital et durée de I'hospitalisation.

Résultats : Le taux d'exactitude du diagnostic chez les patients de sexe masculin est demeuré stable pendant

toute la décennie; chez les patientes, il a augmenté considérablement pour passer de 71,7 % en 1981
75,3 % en 1991 (p < 0,01). Les taux de perforation ont augmenté considérablement chez les patientes et
les patients (p < 0,01), tandis que la durée moyenne du séjour a diminué (p < 0,05). Malgré les écarts liés
au sexe au niveau des taux d'exactitude, les taux de mortalité a I'hopital et la durée moyenne du séjour
étaient semblables chez les patients et les patientes. Les taux d'exactitude des diagnostics posés en éta-
blissement, établis a partir des données de 1989-1990 a 1991-1992, ont varié de 50,0 % a 96,7 %. Des
analyses multivariées de 27 189 cas confirmés d'appendicite dans 175 hépitaux ont révélé que la perfora-
tion était un solide prédicteur de mort a I'hépital (ratio des probabilités [RP] de 2,46, intervalle de con-
fiance 2 95 % [IC] de 1,24 4 4,88), mais la comorbidité était le prédicteur le plus solide (RP de 11,50, IC
395 % de 5,96 4 22,10). Pour chaque hausse de 10 % du taux d'exactitude du diagnostic, le taux de per-
foration a augmenté de 14 % (RP de 1,14, IC 395 % de 1,10 & 1,19), mais il n'y avait aucun lien impor-
tant entre le taux d'exactitude et le taux de mortalité a I'h6pital ou la durée du séjour.

Conclusion : On établit un lien entre un taux plus élevé d'exactitude du diagnostic et I'augmentation des

appendices perforés. Méme si la perforation entraine en soi des résultats défavorables, un taux d'exacti-
tude plus élevé n'en entraine pas. Cela indique que dans les hopitaux ot les taux d'exactitude sont plus
élevés, les perforations sont plus nombreuses. Cependant, aprés une observation rapprochée, une la-
parotomie rapide et l'utilisation d'antibiotiques modernes, ces patients présentent de meilleurs résultats.
On peut comparer ces résultats aux effets défavorables de la perforation chez les patients a risque élevé
de perforation (surtout les enfants trés jeunes et les personnes agées) dans les centres a tous les niveaux
d'exactitude. La variation des taux d'exactitude du diagnostic entre les hépitaux indique que l'on pour-
rait éviter sans danger un certain pourcentage d'appendicectomies.

Accurate diagnosis and appendectomy remain the
cornerstones of therapy for acute appendicitis, but
clinical diagnosis can be difficult. A trade-off is widely
assumed to exist."* Delay in laparotomy to improve di-
agnostic certainty risks organ perforation and sepsis.
Velanovich and Satava’ reviewed 18 clinical studies pub-
lished up to 1991 and found a positive relation between
diagnostic accuracy and perforation. They did not exam-
ine the relation between accuracy and mortality or mor-
bidity directly; instead, they inferred a relation indirectly
from that between diagnostic accuracy and perforation
and that between perforation and mortality or morbid-
ity. They first calculated the average mortality and com-
plication rates among patients with a normal appendix,
those with acute appendicitis and those with a perfo-
rated appendix; they then applied these rates to their de-
cision-analysis models, with the assumption that if im-
proved diagnostic accuracy resulted in more perforations
the mortality and morbidity rates would necessarily in-
crease along with the perforation rate.® Based on this
indirect inference, they suggested a more aggressive
surgical approach in cases of suspected appendicitis. Ag-
gressive surgery, however, risks the removal of many
normal appendixes (negative primary appendectomy),
with attendant morbidity and expense.

Thus, agreement and evidence are lacking on the ap-
propriate negative appendectomy rate for current prac-

tice. We accordingly undertook a study to determine to
what extent a higher diagnostic accuracy rate, and there-
fore a reduction in the number of normal appendixes be-
ing removed, would lead to short-term adverse out-
comes. We hypothesized that with the availability of
abdominal ultrasonography and laparoscopy for diagno-
sis and broad-spectrum antibiotics to mitigate harm from
perforation, a more conservative use of surgery in cases
of suspected appendicitis would lead to higher diagnos-
tic accuracy rates without increasing short-term adverse
outcomes among confirmed cases.

We used discharge abstracts from 1981 to 1991 for all
general hospitals in Ontario. Unlike earlier studies using
hospital discharge data,”® our focus was on comparing
short-term outcomes across population subgroups and
hospitals with different diagnostic accuracy levels. From a
descriptive, longitudinal perspective we first compared
temporal trends in accuracy rates and corresponding per-
foration rates, lengths of stay and in-hospital death rates
by sex. We then performed formal multivariate analyses
to determine the relation between hospital accuracy rates
and patient outcomes in the last 3 years under study.

Part of the material presented in this article was pub-
lished in a limited-circulation monograph.’ The clinical
implications of the findings, however, suggested the
need for review by, and publication in, a general medical
journal. In this study we provide further analytic detail
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and discussion and explore the use of alternative multi-
variate models.

METHODS

DATA SOURCES AND DEFINITIONS

Discharge abstracts for all acute care hospital separa-
tions (discharges, transfers or in-hospital deaths) in
Ontario are entered into a computer database by a
nonprofit institute (the Canadian Institute for Health In-
formation [formerly the Hospital Medical Records Insti-
tute]). Information from discharge summaries, operative
notes and pathology reports is coded by qualified tech-
nicians, who follow the clinical modification of the
ninth revision of the International Classification of Dis-
eases (ICD-9-CM)" to code diagnoses and the Canadian
Classification of Diagnostic, Therapeutic and Surgical
Procedures' to code procedures.

Records were selected for all Ontario residents with
full demographic data who underwent a primary appen-
dectomy from Apr. 1, 1981, to Mar. 31, 1992. For cases
to be considered a positive primary appendectomy, the
ICD-9-CM code for acute appendicitis or for appendici-
tis, unqualified, was required; concurrent perforation
codes were noted. Negative primary appendectomy was
noted if the appendectomy was the primary procedure

and the primary diagnosis was unrelated to the appendix.

The rate of diagnostic accuracy was simply the propor-
tion of appendectomies that were positive. Because of
ambiguity about diagnostic criteria and clinical implica-
tions, patients who underwent appendectomy for nona-
cute appendiceal conditions (including subacute, chronic
and relapsing appendicitis) were excluded. Relevant pro-
cedure and diagnostic codes are shown in Appendix 1.

Information on the patient’s age and sex, the date of
admission to hospital, in-hospital death and length of
stay in hospital were incorporated as needed. A comor-
bidity index for each patient was calculated with the use
of an ICD-9-CM-based adaptation'? of a system de-
scribed by Charlson and associates.” In studies of treat-
ment outcomes, one potential confounding factor is the
difference in rates of secondary or pre-existing diseases.
The comorbidity index is designed to reflect these other
conditions so that adjustments can be made in compar-
- ing outcomes. In our study sample, comorbid conditions
were identified from up to seven additional discharge di-
agnoses (2nd to 8th diagnosis); the first diagnosis was
used to define appendicitis status. Ontario discharge ab-
stracts permit standard calculation of this comorbidity
index in nearly all cases."

To reduce the outlier effect, we used the 98th per-
centile trim points for length of stay in complicated and
uncomplicated cases of appendectomy, as defined by the

Canadian Institute for Health Information. Thus, length
of stay was truncated at 9 days in uncomplicated cases
and at 19 days in complicated cases. Information on the
number of beds and the teaching status (presence or ab-
sence of house staff) for each hospital was taken from
the Canadian Hospital Directory, 1991—1992."

STATISTICAL ANALYSIS

Sex-specific temporal trends were determined for di-
agnostic accuracy rates, perforation rates, in-hospital
death rates and lengths of stay. Analyses at the hospital
level were confined to the 3 most recent fiscal years
(1989-90 to 1991-92) because of temporal shifts in ac-
curacy rates and technology. To frame the hospital
analyses, first we compared patient outcomes after
grouping hospitals according to institutional diagnostic
accuracy rates (hospitals with rates below the 25th per-
centile, those with rates from the 25th to the 75th per-
centile, and those with rates above the 75th percentile).
Then, we used logistic and linear regression analyses to
examine the independent effect of the diagnostic ac-
curacy rate on patient outcomes (perforation rate, in-
hospital death rate and length of stay) after adjusting for
other factors, including the admitting hospitals appen-
dectomy volume, number of beds and teaching status,
and the patients sex, age and comorbidity index. Each
patient was assigned the values pertaining to the hospital
to which he or she was admitted. Regression analyses
were repeated after excluding patients admitted to low-
volume hospitals (those with fewer than 20 primary ap-
pendectomies during the 3 fiscal years under study).

Because the combination of variables pertaining to
the hospital and to the patient may affect the variance of
the independent variables in the regression models and
cause multicollinearity, we also performed multiple lin-
ear regression analyses involving independent variables
at the hospital level. In these, hospital-specific means or
proportions were calculated for patient characteristics
(e.g., age, sex, comorbidity, perforation, in-hospital
death and length of stay) and entered as independent
variables into the linear regression models. Since hospi-
tal-specific means or proportions were based on different
sample sizes, we applied a weighted least squares regres-
sion method, with primary appendectomy volume as a
weight, to reflect the relative contribution of each hospi-
tal to the model."*

RESULTS

OVERALL PROFILF

During the decade under study 103 768 positive pri-
mary appendectomies and 23 047 negative primary ap-
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pendectomies were performed in Ontario hospitals;
6249 patients with diagnoses related to the appendix
other than acute appendicitis were excluded. The overall
diagnostic accuracy rate was 81.8% (73.9% among the
female patients and 89.0% among the male patients).
The perforation rate was 20.6%, the in-hospital death
rate 0.1% and the mean length of stay 5.3 days.

The most frequently recorded primary diagnoses for
negative primary appendectomies were abdominal pain
and mesenteric lymphadenitis among the male patients
and abdominal pain, mesenteric lymphadenitis and gy-
necologic conditions among the female patients (a com-
plete list of all the conditions is available from the corre-
sponding author upon request).

TEMPORAL TRENDS AND SUBGROUP COMPARISONS

The diagnostic accuracy rate increased during the study
decade among the female patients, from 71.7% in
1981-82 to 75.3% in 1991-92; there was no increase
among the male patients (Table 1). The perforation rate in-
creased among both the male and female patients, but the
length of stay decreased. No temporal changes in the in-
hospital death rates were observed for either sex (Table 1).

In the 3 fiscal years studied for the hospital-level analy-
ses, there were 27 189 positive and 5975 negative primary
appendectomies; 1343 appendectomies performed be-
cause of chronic appendiceal diseases were excluded. As

expected given diagnostic confusion from gynecologic
disorders, the diagnostic accuracy rates were significantly
lower among the female patients aged 15 to 64 years than
among the male patients in the same age groups (Table 2).
The perforation rates also were lower among the female
patients in these age groups, but the differences were gen-
erally much smaller than those for the accuracy rates. The
mean lengths of stay were similar for the male and female
patients. Only 1 of the 23 142 patients less than 45 years
old with confirmed appendicitis died postoperatively.

HOSPITAL-LEVEL CROSS-TABULATION

After 13 low-volume hospitals with extreme values
were excluded, the institutional diagnostic accuracy
rate was found to range from 50.0% to 96.7%. The in-
hospital death rates and the mean lengths of stay were
similar for hospitals with different levels of diagnostic
accuracy (Table 3), but the perforation rates were
slightly higher for the hospitals with higher diagnostic
accuracy rates. The proportions of female patients and
of older patients were lower in the hospitals with higher
diagnostic accuracy rates; this observation highlighted
the need for a multivariate analysis.

MULTIVARIATE ANALYSIS

In the multivariate analysis of individual patient data

Table 1: Diagnostic accuracy rates, perforation rates, in-hospital death rates and lengths of stay (LOS) in hospital among patients
in Ontario who underwent appendectomy for suspected acute appendicitis from Apr. 1, 1981, to Mar. 31, 1992, by sex

Female Male

Accuracy Perforation Death Mean LOS Accuracy Perforation Death Mean LOS
Year rate, % rate, % rate, % (and SD*), d rate, % rate, % rate, % (and SD), d
1981 71.7 175 0.09 5743.3) 89.6 20.7 0.15 5.6 (3.4)
1982 72,7 E70 01 5.6 (3.2) 89.0 210 0:17 5.4 (3.3)
1983 74.0 17:8 @:12 5.4 (3.2) 88.9 213 0.07 5.4 (3.3)
1984 733 18.2 0.22 5.4 (3.2) 88.6 19.7 0.06 5:3.(8.2)
1985 74.0 15.8 0.00 5.3 (3.4) 89.0 1976 0.06 5:3(3.6)
1986 74.9 19.3 0.05 5:5i(3:6) 88.7 2.6 0417 5.3.(3:6)
1987 75.3 19:1 0.02 5.4 (3.5) 88.9 21.5 0.04 5.3.(3:6)
1988 7.2 18.7 0.09 5:343.5) 90.0 22.8 0.11 5:2:(3.5)
1989 7310 22.9 0.14 5.2 (4.4) 88.7 22:1 0.10 5.4 (4.3)
1990 %35 22:2 0.08 5.54.7) 89.3 253 0.16 5.2 (4.0)
1991 75.3 21.6 Q241 4.7 (3.1) 88.8 23.8 0: 1% 4.5 (3.0)
Slopet 0.21% 0.44% 0.00§ —0.06 —0.01%§ 0:35% 0.01%§ 0.06l
*SD = standard deviation.
fSimple linear regression coefficient for continuous variables, and gradient in proportions for dichotomous variables, by year
tp<0.01
§Not significant
llp < 0.05.
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. mcymas“ d,matmemmamuammss 164 patients in

my ﬁ"mmmmmy 1989,
Diagnostic No. (and %) of No. (and %) of

Age group, yr; accuracy patients with patients who Mean LOS
sext rate, % perforation died in hospital (and SD), d
<14
Female (2 376) 881 598 (25.2) 1 (0.0) 4.8 (3.4)
Male (3 453) 89.91% 835 (24.2) 0 4.6 (3.4)
15-29
Female (4 775) 723 612 (12.8) 0 4.6 (3.4)
Male (6 524) 91.3% 1 426:(17.2)+ 0 4.3 (3.1)
30-44
Female (2 437) 70.6 534 (21.9) 0 3 (4.0)
Male (3 577) 89.4% 829 (23.2) 0 2 (3.9)
45-64
Female (1 215) 74.4 407 (33.5) 2 (0.2) 6.9 (4.7)
Male (1 706) 85.4% 633 (37.1)§ 4 (0.2) 6.8 (4.7)
65-74
Female (341) 7133 147 (43.1) 4(1.2) 9.3 (5:5)
Male (396) 721 192 (48.5) 4 (1.0) 9.2:(54)
>75
Female (185) 617 107 (57.8) 9 (4.9) 11:85(5.5)
Male (204) 66.9 105.(51.5) 15 (7.4) 1202(5:9)

*Outcome assessment was confined to the 27 189 patients with confirmed appendicitis at surgery (positive appendectomy).
tNumbers in parentheses represent patients who had a positive appendectomy.

$p<0.01.
§p < 0.05.

Table 3: Factors associated with low, medium and high institutional diagnostic accuracy rates
among 162 hospitals in Ontario from Apr. 1, 1989, to Mar. 31, 1992*

Accuracy ratef

Low Medium High

Factor n=40 n=81 n=41 p valuet
Mean primary appendectomy
volume (and SD) 224 (187) 240 (184) 148 (152) <0.05
Mean no. of beds (and SD) 159 (154) 154 (126) 93 (85  <0.05
Teaching hospital, % 30.0 346 g otk
% of patients who were female 43:1 41.6 40.2 <0.01
Age group, yr; % of patients <0.01

<14 19.0 20.8 26:1

15-29 42.7 42.0 38.8

30-44 23.2 22.1 208

>45 15.1 15.0 14.3
% of patients with comorbidity 2.4 2.4 2.6 NS
Perforation rate, % 21.2 2257 28:5 <0.01
In-hospital death rate, % 0.2 0l 01 NS
Mean LOS (and SD), d 5.3 (4.0) 5 1443:9) HE1(3.9) NS

*Thirteen hospitals with low volumes of either all positive or all negative appendectomies are excluded. Information on primary appen-
dectomy volume, number of beds (acute medical and surgical beds) and teaching status were obtained from the database of the Hospi-
tal Medical Records Institute (now the Canadian Institute for Health Information) and published sources (see Methods section). Informa-
tion on sex, age, comorbidity, perforation, death and LOS were determined for patients admitted to each hospital.

tLow = < 77.50%, medium = 77.51%-87.50%, high = > 87.50%.

£NS = not significant.
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with hospital covariates, perforation was first incorpo-
rated as one of the independent variables (Table 4). Per-
foration was a strong predictor of in-hospital death and a
prolonged hospital stay but was markedly weaker than
comorbidity as a predictor of in-hospital death.

In another multivariate model the perforation rate was
considered as an outcome measure. The relative odds of
perforation rose 14% for each 10% absolute increase in the
hospital diagnostic accuracy rate (Table 5). That is, as the
overall diagnostic accuracy rate rose from, say, the current
mean of 82% to a new level of 92%, the perforation rate
would be expected to rise from 22.5% to 24.9%. (This de-
rives from the standard conversion for odds ratios, in which
the new rate = 0.225 X 1.14/[1 — 0.225] + [0.225 X 1.14].)
Thus, for every 100 operations, avoiding two or three cases
of perforation demanded that 10 additional negative appen-
dectomies be performed. However, in neither model did
the diagnostic accuracy rate significantly alter the odds ra-
tio for in-hospital death or the coefficient for length of stay.

The number of hospital beds was unrelated to treat-
ment outcomes (Tables 4 and 5), but the appendectomy
volume correlated with a shorter length of stay. Similar
results were obtained from “ecologic” regression analyses
at the hospital level (Tables 6 and 7), although they
tended to be nonsignificant, especially for independent
variables originally measured at the patient level. The
exclusion of patients admitted to low-volume hospitals
did not change the results (data not shown).

DISCUSSION

Advances in imaging, the availability of laparoscopy
and the effectiveness of newer broad-spectrum antibi-
otics led us to question the time-honoured clinical axiom
that a reduction in the proportion of negative appendec-
tomies (i.e., an increase in the preoperative diagnostic
accuracy rate) causes an increase in the perforation rate
among patients who actually have appendicitis, which in

Table 4: Odds ratios (ORs) for in-hospital death rates and linear regression coefficients for LOS, from

Apr. 1, 1989, to Mar. 31, 1992

Independent variable

Outcome

In-hospital death rate,

LOS, d; coefficient

OR (and 95% CI*) (and 95% Cl)

Diagnostic accuracy rate (10% increase)

Primary appendectomy volume (50-case increase)
No. of beds (30-bed increase)

Treatment in teaching hospital (no =0, yes = 1)
Age (10-yr increase)

Sex (female = 0, male = 1)

Comorbidity (none =0, any = 1)

Perforation (no = 0, yes = 1)

11.80(5.96 t0:22.10)

0.96 (0.45 to 1.52) 0.04 (—-0.10 to 0.02)

0.98 (0.89 to 1.08) 0.06:(— 0:06:t0/—10:07)
1.00:(0.98 10:1:09)

1.85 (0.88 to 4.00)

0.01 (0.00 to 0.02)
0.36 (0.26 to 0.46)
-t 0.56 (0.53 to 0.59)
0.98 (0.50 to 1.91) 0.30:(=0.2110. —0.39)
1.96 (1.67 t0.2.25)

2.46 (1.24 to0 4.88) 1.96 (1.85 to 2.07)

*Cl = confidence interval
tOR was calculated only for subjects aged 45 years and over

Table 5: Odds ratios for perforation and in-hospital death rates and linear regression coefficients for LOS, from Apr. 1, 1989, to

Mar. 31, 1992

Outcome

Independent variable

Perforation rate,
OR (and 95% Cl)

In-hospital death rate,

OR (and 95% Cl)

LOS, d; coefficient (and
95% Cl)

Diagnostic accuracy rate (10% increase)

Primary appendectomy volume (50-case
increase)

No. of beds (30-bed increase)

Treatment in teaching hospital (no = 0O,
yes = 1)

Age (10-yr increase)
Sex (female = 0, male = 1)

Comorbidity (none = 0, any = 1)

1.14 (1.10 t0 1.19)

1.01 (0.98 to 1.02)
0.98 (0.97 to 0.99)

1.37 (1.30 to 1.47)
L2 (119 1.93)
1.14 (1.07 to 1.21)
1.47 (1.25to 1.74)

0.91 (0.58 to 1.43)

0.98 (0.90 to 1.08)
1.01 (0.94 to 1.09)

1.79 (0.85 to 3.70)

0.87 (0.46 to 1.66)

11.30°6:01ta 21.38)

0/01 (=0.05100:07)

-0.05(—0:04 to — 0.06)
0.00 (0.00 to 0.01)

0.47 (0.37 to 0.57)
0.63 (0.60 to 0.66)

=~ 0:28:(—0.16/10 —0.34)
2.13 (1.83 to 2.43)

OR was calculated only for subjects aged 45 years and over

1622 CAN MED ASSOC J 15 MAI 1995; 152 (10)




turn leads to a higher in-hospital death rate and pro-
longed lengths of stay owing to abdominal contamina-
tion and sepsis.'"? Our findings conflicted with conven-
tional wisdom.

The diagnostic accuracy rates among the female pa-
tients in our study rose over time, as did the perforation
rates. Among the male patients the diagnostic accuracy
rates remained stable, but the perforation rates rose.
Comparisons across subgroups by age and sex among 33
164 patients in the fiscal years 1989-90 to 1991-92 also

failed to confirm the expected relations. The diagnostic
accuracy rates were significantly lower among the fe-
male patients aged 15 to 64 years than among the male
patients in these age groups, presumably because of di-
agnostic uncertainty caused by gynecologic conditions.
The perforation rates tended to be lower among the fe-
male patients in these age groups as well. However,
there were no sex-related differences in the length of
stay, and in-hospital deaths were extremely rare among
the younger patients. There was definite variation

Table 6: Linear regression coefficients for in-hospital death rates and mean LOS, from
Apr. 1, 1989, to Mar. 31, 1992, at the hospital level

Outcome; coefficient (and 95% ClI)

Independent variable In-hospital death rate LOS, d
Diagnostic accuracy rate -0.0182 -0.09
(10% increase) (—0.0786 to 0.0422) (—0.26 to 0.09)
Primary appendectomy volume —0.0008 -0.07
(50-case increase) (-0.0137 t0 0.0121) (=0.03 to —0.10)
No. of beds (30-bed increase) = O 0008 s s o8
(—0.0144 t0 0.0126) (—0.00 to 0.07)
Teaching hospital (no =0, yes = 1) 0.0524 0.36
(—0.0456 to 0.1504) (0.08 to 0.64)
Hospital-specific mean patient age 0.1056 0.06
(10-yr increase) (0.0066 to 0.2046) (-0.22 t0 0.35)
Hospital-specific sex ratio* 0.0062 0.01
(1% increase) (—0.0011 to 0.0135) (—0.01 to 0.03)
Hospital-specific comorbidity ratet 0.0275 0.05
(1% increase) (—0.0003 to 0.0553) (-0.031t00.13)
Hospital-specific perforation ratet 0.0032 0.01

(1% increase)

(=0.0012 to 0.0086)

(0.00 to 0.03)

*Percentage of males.
tAbsolute percentage of patients with comorbid conditions.
$Absolute percentage of patients with perforation.

Table 7: Linear regression coefficients for perforation rates, in-hospital death rates and mean LOS, from Apr. 1,

1989, to Mar. 31, 1992, at the hospital level

Outcome; coefficient (and 95% CI)

Independent variable Perforation rate In-hospital death rate Mean LOS, d
Diagnostic accuracy rate 1.82 -0.0114 -0.06
(10% increase) (-0.12 t0 3.76) (—0.0714 to 0.0486) (-0.24t00.11)
Primary appendectomy volume 0.02 —0.0007 —0.07
(50-case increase) (—0.40 t0 0.44) (—0.0136 t0 0.0122) (—0.03to —0.11)
No. of beds (30-bed increase) -0.16 —0.0016 0.03
(—0.60 to 0.28) (—0.0151 t0 0.0119) (—0.00 to 0.07)
Teaching hospital (no = 1, yes = l)V ‘ 5.32 0.0723 0.44
(2.25 t0.8:39) (—0.0228 t0 0.1674) (0.16 t0 0.71)
Hospital-specific mean patient age -0.89 0.1023 0.05
(10-yr increase) (=4.01 t02.32) (0.0029 to 0.2017) (—0.24 to 0.34)
Hospital-specific sex ratio* 0.08 0.0065 0.01
(1% increase) (—0.16 t0 0.32) (—0.0008 to 0.0138) (—0.01 to 0.03)
Hospital-specific comorbidity rate* 0.45 0.0291 0.06
(1% increase) (—0.44 t0 1.35) (0.0013 to 0.0569) (—-0.03t00.14)

*As defined in Table 6.
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among the hospitals in the rates of removal of normal
appendixes. When hospitals were grouped by institu-
tional accuracy levels, those in the upper 25th percentile
had minimally higher perforation rates than the other
hospitals but similar lengths of stay and in-hospital
death rates. These “ecologic” data provided prima facie
evidence that, despite an association with minor in-
creases in perforation rates, higher diagnostic accuracy
rates do not lead to increases in morbidity or mortality.

We then analysed the relation between the institu-
tional diagnostic accuracy rates and outcomes at the pa-
tient level using multivariate techniques and including
data on 27 189 positive primary appendectomies in 175
hospitals. When considered as a determinant of out-
comes, perforation was associated with an increased risk
of in-hospital death and prolonged length of stay. How-
ever, the limited overall impact of perforation was high-
lighted by perforation rates of 30% to 50% among pa-
tients over 45 years of age, with in-hospital death rates
above 1% only among the few patients over 75 years old
who underwent surgery for suspected appendicitis. By
far the strongest determinant of death was comorbidity.
Whether perforation was introduced as a determinant or
considered as an outcome itself, the diagnostic accuracy
rate was found to be unrelated to an increased risk of in-
hospital death or prolonged length of stay.

Our regression models appeared sound, with esti-
mated effects for important prognostic variables (e.g.,
age and comorbidity) that were in the right direction
and of the expected magnitude. As with any study of the
relation between diagnostic accuracy and clinical out-
comes, accuracy had to be considered in aggregate at
the hospital level. Use of such “ecologic” covariates in an
analysis of individuals will lead to underestimation of the
variance of independent variables in the model."* How-
ever, a parallel ecologic regression analysis, which aggre-
gated variables at the individual level for each hospital,
showed similar relations between the diagnostic accu-
racy rate and various outcomes. It therefore seems un-
likely that the mixing of ecologic and individual vari-
ables confounded the analysis.

Moreover, the enforcement of a "homogeneous” level
in regression variables through the use of hospital-
specific means or proportions instead of individual data
has its own shortcomings. The precision of any esti-
mates of effects for variables at the individual level is
greatly reduced; we are left with a model in which the
“n" is the number of hospitals and nothing more. Many
clinically meaningful and strong outcome predictors,
such as age, sex and comorbidity, became nonsignificant
in our ecologic models because of the extreme compres-
sion of the range for these variables and the loss of pre-
cision in their estimates of effect size when hospital-
specific means or proportions were calculated. Indeed,

underestimation of the variances in the model by our
combining ecologic and individual variables is, if any-
thing, desirable here, since we sought to rule out any po-
tential adverse outcomes from rising diagnostic accuracy
rates. Statistical power to detect a relation to in-hospital
death rates remained very low, since only 1 of 23 142
patients under 45 years of age died and only 38 of 4047
patients 45 and over died. However, these findings
sharply limit the magnitude of any absolute risk gradient
that could occur with rising perforation rates and affirm
the safety of a conservative approach to surgery for sus-
pected appendicitis, especially among people under 45.

Our sample sizes compared favourably with the total
of 10 023 appendectomies in the 18 clinical studies re-
viewed by Velanovich and Satava. They used their liter-
ature review to generate a decision analysis, highlighting
the trade-offs between lowering the perforation rate and
raising the negative appendectomy rate. They con-
cluded that “an aggressive approach to patients with sus-
pected appendicitis is warranted . . . because most of the
mortality and morbidity from appendectomy is related
to perforated appendicitis.” However, as noted in our in-
troduction, their analysis lacked a direct assessment of
the relation between diagnostic accuracy rates and mor-
tality or morbidity and a multivariate framework, includ-
ing explicit consideration of comorbidity and age—sex
subgroup data, as presented here; it also incorporated
data from older case series.

We believe that our findings can be readily reconciled
with clinical thinking if two categories of perforation are
considered. The first is exemplified by the person who
arrives for medical care with established perforation and
generalized sepsis. Elderly people (and very young peo-
ple) appear especially prone to perforation early in the
course of appendicitis;’ they are also patients for whom
the diagnosis is obscure and sometimes overlooked. It is
not surprising that perforation will be associated with
delayed discharge and occasional death among these pa-
tients. The second category is exemplified by the person
with abdominal pain due to evolving appendicitis. This
archetypal individual will be between 15 and 64 years of
age and will have no perforation at the time of seeking
medical care. Watchful waiting or diagnostic imaging in
hospital, with rapid surgery once the diagnosis is clari-
fied, may lead to higher diagnostic accuracy and perfo-
ration rates. However, with modern antibiotics and no
prolonged period of frank perforation and abdominal
contamination, the outlook for most of these patients
matches that of patients with appendicitis but no perfo-
ration at laparotomy. This view is supported by primary
data showing that the negative appendectomy rate falls
with increasing time between presentation and laparo-
tomy, without an increase in complication rates."

The institutional rates of diagnostic accuracy varied
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substantially in our analysis. Increased appendectomy
volume at the hospital level had a statistically significant
impact in reducing length of stay and a positive, al-
though nonsignificant, impact on the in-hospital death
rate; these findings suggest that the “practice-makes-
perfect” factor seen with major surgery® is partly applic-
able even for a common procedure like appendectomy.
The perforation rates were higher and the lengths of
stay longer in the teaching hospitals (Tables 4 and 5); a
weak trend to higher in-hospital death rates in the
teaching hospitals was also noted. These observations
may reflect the influences of both inexperienced house
staff and unmeasured referral biases not eliminated by
adjustments for age and comorbidity.

The issue of unmeasured referral biases underscores
the fact that any study drawing on administrative data
necessarily suffers from a lack of clinical detail and is
subject to vagaries in the coding of diagnoses and proce-
dures. A particular concern is that the clinical diagnosis
of presumed acute appendicitis may be accepted in the
absence of pathological confirmation if the medical
records staff do not seek a pathological report in the
hospital chart, or if the report is delayed. The observed
increase in the perforation rates over the study period,
for example, could reflect greater assiduousness on the
part of the medical records staff, a self-critical attitude
by surgeons that leads to a lower threshold for noting

-possible perforation in the operative note or even an in-
direct influence of a differential fee for cases of appen-
dicitis with perforation. Fortunately, concerns about
temporal coding shifts do not apply to our multivariate
analyses, which drew on aggregate data for the fiscal
years 1989-90 to 1991-92. We are also unable to gener-
ate a plausible hypothesis that allows coherent attribu-
tion of our multivariate findings to systematic coding er-
rors. Perhaps the only alternative unifying hypothesis
would be that the diagnostic accuracy rates and the per-
foration rates primarily reflect the assiduousness of the
pathology department, which may be unrelated to surgi-
cal skill. If so, the grossest of perforations are those uni-
formly captured at surgery, with the result that perfora-
tion is associated with death, but relations between
perforation, diagnostic accuracy and in-hospital death
rates are otherwise obscured by variations in pathology
reporting, practices and coding errors.

Another potential limitation is the lack of information
on long-term outcomes. There is some controversy
about whether appendicitis with perforation in women
leads to an increased risk of infertility from tubal dys-
function. Mueller and collaborators,*' for example, sug-
gested that women with a perforated appendix are three
to five times as likely to have tubal infertility as women
who have never had appendicitis. However, the perfora-
tions in question may have been remote, and the same

tisks may not apply with current surgical management
and antibiotic therapy. Also, their risk estimates were
drawn from a case—control study in which only 5% to
6% of the patients with primary or secondary tubal in-
fertility recalled having had a “ruptured appendix,” as
compared with 1% to 2% of the control subjects.
Clearly, most cases of tubal infertility are unrelated to
surgical management of appendiceal disease. An aggres-
sive surgical approach based on fears of perforation and
tubal damage would cause a great many women to un-
dergo negative appendectomies for every one who
might conceivably be spared tubal infertility.

As Koepsell, Inui and Farewell®* and Chang, Hogle
and Welling® argued, perforation alone is not a good in-
dicator of the quality of surgical care, especially when
one considers the burden on the patient and the cost to
the hospital associated with negative appendectomy. We
were unable to establish a particular threshold at which
the rising diagnostic accuracy rate was associated with
an increasing length of stay and higher in-hospital death
rate. We do not know why some of the hospitals had
higher accuracy rates than others; the only hospital-level
predictors of a higher accuracy rate and shorter length
of stay were identified earlier. However, up to 900 nega-
tive primary appendectomies could be safely avoided in
Ontario each year if the diagnostic accuracy rate in all
hospitals below the 75th percentile could be increased
to the 75th percentile (i.e., over 87.5%).

In summary, our findings are consistent with the con-
cept that very good standards of care have already been
attained and that further improvements in preoperative
diagnosis of appendicitis are possible in many hospitals,
without harm to patients. Recent dissemination of hospi-
tal-specific data on diagnostic accuracy rates for Ontario
may prompt and facilitate local audits.® For hospitals
with a low diagnostic accuracy rate confirmed by chart
review, improvements may be possible through the use
of diagnostic algorithms??* or increased reliance on
watchful waiting, as was proven effective 20 years ago.**
Ultrasonography and laparoscopy are also useful tools
for the differential diagnosis. For example, two recent
randomized trials have demonstrated that the use of di-
agnostic laparoscopy among patients with suspected ap-
pendicitis substantially reduces the rate of unnecessary
appendectomy without compromising treatment out-
comes.??* Supported by modern diagnostic methods,
the above-mentioned strategies may be safe and effec-
tive alternatives to early exploratory surgery, especially
among people aged 15 to 45 years, who constitute most
patients undergoing appendectomy.
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Appendix 1: Diagnostic and procedure codes used to define and categorize
patients who underwent appendectomy for suspected acute appendicitis in
Ontario hospitals between Apr. 1, 1981, and Mar. 31, 1992

Type of

appendectomy” Description Code type Codest

Primary Appendicitis is Procedure CCP 59.0
primary reason for
surgery

Negative Primary diagnosis Diagnosis Miscellaneous
is unrelated to
appendix

Positive Primary diagnosis is Diagnosis ICD-9-CM
acute appendicitis 540.0, 540.1,
or appendicitis, 540.9 and
unqualified 541

*Incidental appendectomies (CCP code 59.2) and primary appendectomies with ICD-9
CM codes 542, 543.0 and 543.9 were excluded as nonacute cases.

fCCP = Canadian Classification of Diagnostic, Therapeutic and Surgical Procedures;
ICD-9-CM = clinical modification of the 9th revision of the International Classification of
Diseases
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